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Thi s listing of claims will replace all pri or versio ns and listings of claim s m the application: 

1 . (original) A method, comprising: 

electrocodepositlng particles of at least one quasi crystalline metal alloy and at least one 
elemental metal onto a working electrode disposed in an efeetroplatlng bath, wherein the 
electroplating bath comprises a sol vent, ions of the at least one elemental metal dissol ved m the 
solvent, and the particles of at. least one uuasiotysiahme metal alloy suspended In the solvent 

2. (original) The method of claim 1 wherein the working electrode has an electronieaMy 
conducting surface. 

3. (original) The method of claim 2, wherein the electronically conducting surface comprises a 
materia! selected from metals, alloys, graphite, carbon-carbon composites, and combinations thereof 

4. (original) The method of claim IV wherein the at least one elemental metal is selected from 
manganese, iron, cobalt, chromium, nickel copper, zinc, and combinations thereof, 

5 > (original) The method of claim 1 s wherein the electroplating hath is selected from an eleetiolytie 
deposition bath, an electrotess deposition bath, and mixtures there of 

6, (original) "The method of claim L wherein the electroplating bath is suitable for plating the at 
least one elemental metal, wherein the at least one elemental metal is selected from nickel copper, 
and combinations thereof 

?, (original) The method of claim I , wherein the temperature of the electroplating bath during the 
etectrocodeposition does not exceed the melting point of the panicles of the at least one 
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qumcrymMim meiai alloy or the melting point of the working electrode, 

8. (original) The method of claim .1, wherein the temperature: of the dectrooodeposition hath 
dining the eleetrocodeposiiion does not exceed J 00 e C, 

9. (original) The method of claim I , wherein, the at least one quaskmtalime metal alloys include 
dnminunv transition metal alloys, 

10. (original) The method of claim 9; wherein the alunnaunvtransitloii metal alloys are selected 
from AhCn-kh Ah-Pd-M and combinations thereof, where M h a transition metal selected horn Fe, 
Ru, "ML, M& ? G\. Co kind combinations thereof, 

1 1 . (original) The method of daim % wherein the quasfcrystals are ternary, quaternary and higher 
alloys. 

12. (original) The method of claim % wherein the qi&$ierysiab include up to about 10 atomic 
percent of a transition metal selected from TL V, Cx, Mn. Co, NL la, W, Nb ? Mo, Zr and 
combinations thereof 

13. (withdrawn) The method of chum 9, wherein the qu&skrystafe Include B, SI or eombmaikms- 
thereof 

1 4 > (original) The method of claim i > wherein the electroplating hath comprises between 25 and \ 50 
grams of qoasierysialline metal alloy particles per liter of the electroplating bath. 

15, (original) The method of claim I, wherein the working electrode is a substrate selected from 
copper > aluminum ? an alloy of alnnii num. carbon or graphite, cast iron, wrought iron, carbon steels, 
stainless steels, copper/tin alloys, eopper/xmc alloys, copper/nkkel alloys, doped or uudoped 
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semiconductors, polymer/carbon composites, polymer/graphite composite, polymer/metal 
composites, and metal/metal composites, 

!€, (original) The method of claim 1 > wherein the working electrode is selected from polymers and 
polymer composites, 

17. (original) The method of claim 16, whcrem fee working electrode "m a polymer composite 
comprising carbon or metal . 

18. (currently amended) The method of m^"<>^--0f-4fee-i^a^^i%^^ms- darmj,, further 
comprising; 

applying an electroiess or ekteiroiytk strike on the working electrode prior to the 
dectrocodeposhing step, wherein the strike comprises a metal selected from zinc, nickel, copper, 
pbimurm cobalt gold and combinations thereof 

1 9. (original) The method of claim 1 8 y wherein the working electrode is mi aluminum alloy 3004 
substrate, and the strike Includes electrons aaneate followed by electrons copper. 

20. (original) The method of claim 1 , wherein the electroplating bath is aqueous, 

2 L (original) The method of claim 20, wherein the at least one elemental metal is selected from 
chrmnmm, manganese, iron, cobalt, ok kef copper, sine, and combmatkms thereof 

22, (original.) The method of claim 2i, wherein the oo^centmfen of the metal ions In the 
electroplating hath is between 500 and 20,000 ppn.t 

23, (original.) The. method of claim 1 , wherein the dissolved metal ions arc in the form, of a metal 
sulfate, metal sulfemate, metal citrate, metal chloride, metal bromide, metal nitrate, or combinations 
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thereof. 

24. (original) The method of claim !, wherein the electroplating hath comprises aqueous nickel 
sulfate. 

25, (original) The method of el aim 24, wherein the electroplating bath comprises between 2 and 1 2 
grams of nickel sulfate per liter of the electroplating bath. 

26, (original) The method of claim L wherein the electroplating, hath further comprises a reducing 
agent, a buffering agent, or a combination thereof, 

27. (original) The method of claim I, wherein the electroplating bath further comprises a buffering 
agent selected from hypophosphite, formaldehyde, acetate, citrate, boric acid, and combinations 
thereof 

21 (original) The method of claim 1 s further comprising: 

agitating the eieetroplating bath to suspend the qnasIcrystaJJIne metal ahoy particles, 

29. (original) The method of claim 1, wherein the quasi crystalline meia! alloy particles have an 
average particle size less than 50 microns, 

30, (original) The method of claim \ 9 wherein the quasierystalHne metal alloy particles have an. 
average particle size less than .20 microns, 

3 1 . (original) The method of claim 28, wherein the electropkamg hath comprises between 25 and 
150 grams of suspended quasierystalline metal ahoy particles per liter of electroplating hath. 

32, ( original) The method of claim 1 9 wherein the at least one quasierystaUine metal alloy is selected 
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from Akfin 2 A n > Al^Co^Fe^Crg, A^Cu^Fe^^, AWCuuFe^Cr^ and .'combinations thereof 

33. (original) The method of claim 2 or any claim dependent thereon, further comprising: 

maintaining the electroplating bath at a pH between 2 and 7.. 

34. (original) The method of claim 33, further comprising: 

adding aqueous K2CO3 or H2SO4 to the bath to maintain the pH. 

35. (original) The method of claim. 2, further comprising: 

maintaining the -temperature of the electroplating bath during electroeodeposition between 1.0 
and 70 °C. 

36. (original) The method of claim I T further comprising: 

providing a counter electrode comprising iron, cobalt nickel, copper, zinc, platinized 
titanium, or rrttheninn;i/irldium oxide-coated titanium metal or a combination thereof 

37. (original) The method of claim U wherein the working electrode is electronically conductive, 

3§> (original) The method of claim L further comprising: 

applying a direct current between the working electrode and the counter electrode at a. 
potential of between L5 and 7 vote. 

39, (original) The method of claim I s farther comprising: 

applying a enrrent density to the working electrode between 2 and 1 00 in A/em 2 lor a period, 
of 5 to 90 minutes, 

40, (original) The method of claim 1, fonher comprising: 

applying a current density to the working electrode between 2 and 100 mAknt\ 
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41, (original) The method of claim 1 > further comprising; 

moving at feast one electrode during the electroeodeposltkni 

42, (original) The method of claim L further comprising: 

deciroplatkg a metal seal layer over a layer comprising the deetrocodeposited 
quasicrystalline metal alloy particles, 

43 . (original) The method of claim 42, wherein the metal seal layer is electropl aied in a. separate seal 

44. (original ) The method of claim 43, further comprising; 

alternating the me of ike seal hath ami the electroplating bath containing the suspended 
particles of a. qnasIerystaOloe metal alloy > 

45. (original) The method of claim 44, further comprising: 

repeating the alternating use of the baths until a desired coating thickness is obtained. 

46. (original) The method of claim 1 ? further comprising: 

short -cycle ramping of a DC* current used for the electrocodeposition, 

47. (original) The method of claim 46, further comprising: 

repeatedly ramping the DC current between essentially zero current mid a target current 

density- 

48. (original) The method of claim 47, wherein the target current density Is about 40 mA/cm~> 



49. (original) The method of claim 47, wherein the ramping occurs In cycles between 1 if 2 and 1 0* 
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Hertz. 

50. (original) The method of cl aim 1 , wherein the electrocodeposi don occurs under constant current 
condmans, 

5 1 > (original) The method of cl aim 50, wherein the constant current is between 2 and 1 00 m^Vcm^ 

52 . (original) The method of claim 2, limber comprising: 
agisting the electrolyte solution, 

53. (original) The method of claim L wherein the at feast one quasicrys^lline metal alloy is 
54 (withdrawn) The method of L wherein the at least one qu&dcrystalltoe metal alloy is 

55, (original) The method of claim 1 , wherein the ions of the at least one elemental meta! include 
okkel ions. 

56, (original) The method of claim 55, wherein the nickel ion concentration is "between 2 and 10 
gram s per liter of electroplating bath. 

57.. (original) The method of claim L wherein the at least one elemental metal, includes copper, 

58- (original) The method of claim L further comprising: 

sinndtaneously performing the ebetrooodepodting step on multiple working electrodes in the 
same electroplating bath. 
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59, (original) The method of claim K fetter comprising; 

annealing the particles of the at least one quasietystall.me metal alloy , 

60, (original) The method of claim 59, wherein the at bast one quasictystallme metal alloy is 
convened from the beta-phase to the quasicryst&llme phase, 

61, { original) Hie method of claim 59, wherein tte armealkg Is performed prior to 
deetrocodeposHing the particles, 

62, (origma!) lite method of claim 59, w herein the annealing is performed after eieetroeodeposltmg 
the particles. 

63 , (original) The method of claim 59, wherein the annealing is performed before and after 
eleetroeodepositing the particles. 

64, (original) The method of claim 59; wherein the at least one quasle^stadioc .metal alloy is 
annealed at a temperate between 500 and TOOT, 

65, (original) The method of claim $9, characterized in that the annealing increases the ratio of 
qnasicrystahme phase? in the particles. 

66, (original) The method of claim 59, wherek the annealing is performed under an inert gas 
atmosphere. 

67, (original) The method of claim 1 , further comprising: 

masking a portion of the working electrode to present electrocodepositlon , 

68, {original) The method of claim 1 , wherein the electroplating hath contains copper snl&ie. 
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69; (original) The method of claim 68, wherein fee copper sulfate has a concentration between (L 1 
and 0,6 grams of copper per liter of the bath, 

70. (original} The method of claim 1, further comprising a preiiminaiy step selected lxorn bead 
Masting the surface of the substrate, decreasing the substrate prior to eJectroeodepositing s and 
combinations thereof 

71 . (withdrawn) The coated working electrode prepared by the method of claim I , 

72. (withdrawn) The coated, working electrode prepared by the method of claim 4> 

73. (withdrawn) The coated working electrode prepared by the method of claim 29, 

74. ( withdrawn) The coated working electrode prepared by the method, of claim. 32, 

75. (withdrawn) The coated working electrode prepared by the method of chum 59, 

76. (withdrawn) A coating composition, comprising: 

bet ween 25 and 90 percent by mass of particles of at bast one quaskxys&lllne metal alloy 
within a metal matrix: including at. least one elemental metal 

77. (withdrawn) The composition of claim 76, wherein the particles have an average size less than 
20 microns. 

78. (withdrawn) The composition of claim 76, wherein the particles comprise between 40 and 60 
percent by mass of the qn&skiystak 
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79, (withdrawn) The composition of claim 76, wherein, the at ieast one elemental metal, is selected 
from nickel, copper, and combinations thereof. 

80, (withdrawn) The composition of claim 76, wherein the at least one quasicrystaliine metal alloy 
k selected from AbCu^Fe^ Ai^Cu^FegCr^ AbCmi^Feii.sB^ Al^Cin^Cr^ AbCu IO Fe ?0 Cri^ 
and combinations thereof 

8 1 , (withdrawn) The composition of claim 76, wherein the at least one quasiemtalline metal alloy 
includes an alinniniim-transitioii metal alloy. 

82, (withdrawn) The composition of claim 81, wherein the aiuminimi.4imis.Uion metal alloy h 
selected from Al-Cu-M, AKFd~M and combinations thereof; where M is a transition metal selected 
from Fe, Ru, Nt Mn ? Q\ Co and combinations thereof. 

83, (withdrawn) The composition of claim 76, further comprising: 

a metal seal layer deposited over the metal matrix, 

84, (withdrawn) The composition of claim 76, wherein the qu&skrystal particles are tiled, 

85, (withdrawn) The composition of claim. 76, wherein the metal matrix has a thickness less than. 40 
unt 

86, (withdrawn) A composition, comprising: 

particles of at bast one qnasicrystaliine metal alloy within a metal matrix i ncluding at least 
one elemental metal wherein the composition is characterized' by a hardness greater than 6 GPa, a 
coefficient of friction less than 0.2, and a contact angle greater than 1 00 degrees. 

87, (withdrawn) The composition of claim 86, characterized in that the particles of qoamcrystahi.ne 
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metal alloys are tiled, 

88, (withdrawn) The composition of claim. 86, characterized in that the composition has a hardness 
between 6 and 1 0 GPa, 

89, (withdrawn) The composition of claims 86, characterized in that the composition produces an 
..XRD spectra substantially the same as the XRD spectra produced, by the bulk quasierystailine 
material 

90, (withdra wn) The composition of claim. S6 ? wherein the coefficient of friction is less than (X 1 . 
9 i . (withdrawn) The composition of claim. 86, wherein the coefficient of friction is less than 0.05 , 

92, (withdrawn) The composition of claim 86, wherein the at bast one elemental metal is selected 
from nickel copper, and combinations thereof. 

93, (withdrawn) The composition of claim 86, characterized by a contact angle greater than 1 10 
degrees. 

94, (previously presented) The method of claim 1, wherein the electroplating bath further 
comprises other metal alloy particles, 

95, (previously presented) The method of claim 94, wherein the electroplating bath further 
comprises other metal alloy particles that are not quasicryst&ilke metal alloys, 

96, (previously presented) The method of claim L wherein the particles of at least one 
quasicrystallme metal alloy am provided as a mixture of quasicrystalJioe metal alloy particles with 
other metal alloy pafdeks having different compositions. 
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97. (previously presented) The method of claim 96, further comprising: 

depositing a composite coating comprising the mixture of alloy paitieie$,suspended in the 
electroplating bath., 

98. (withdrawn) The coating composition of claim ?(i further comprising: 

other metal alloy particles mixed with the particles of the at least one qimsicrystailinc metal 

alloy. 

99. (withdrawn) The composition of claim 86, Further comprising: 

other metal alloy particles m the metal matrix. 
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